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Supplementary Methods Plasmid constructs, cloning procedures
For heterologous secretion in S. flexneri, N-terminal sequences of cpn0677 and cpn0678 were integrated into pUC19cya using HindIII and XbaI sites. For protein expression, cpn0677 and cpn0678 were amplified from C. pneumoniae GiD genomic DNA and integrated into pFT25 to generate C-terminal 10His-Tag. Cpn678∆APH10His and Cpn678∆PRR110His were amplified by PCR from WT constructs and integrated into pFT25.
GST-SNX9_pGEX5.1 was generated by cloning the SNX9 coding sequence into the BamHI and NotI sites of pGEX5X.1. GST-SNX9-SH3_pGEX was kindly provided by NM Alto. The SH3 domain of SNX9 was amplified from a WT construct and fused to GST by integration into pKM36.
CPn0678-GFP WT and deletion variants were generated by cloning of cpn0678 into pKM55. mCherry expression constructs were generated by recloning of Grb2, c-Cbl and Cin85 (gift from MA McNiven) into pKM95 (C-terminal mCherry), and SNX9 and of deletion variants into pAE66 (N-terminal mCherry). SNX9 shRNA plasmids used for generation of stable cell lines were obtained by integration of SNX9 target sequences shRNA_1 (gagagtcagcatcatgtct) or shRNA_2 (taagcactttgactggttat) into MluI and ClaI sites of pLVTHM, respectively.
Transcript analysis
For transcriptome analyses throughout the chlamydial infection cycle (0-96 h.p.i.), a homemade microarray spotted with 300-to 500-bp PCR products covering all C. pneumoniae ORFs was used. Chlamydial mRNA and gDNA was isolated at 2, 6, 12 and 24 h.p.i. using an MOI of 100, and at 24, 36, 48, 72 and 96 h.p.i. using an MOI of 5. mRNA was Cy5labeled during reverse transcription, mixed with fragmented gDNA labeled with Cy3 and hybridized to the array. Signal detection and quantification were performed using ImaGen and GeneSpring software by comparing mRNA/gDNA signal intensities of three biological replicates per time point. Differentially regulated genes are those that showed at least a 2-fold increase or decrease in signal intensity.
Quantitative real-time PCR (qRT-PCR)
HEp-2 cells were infected with C. pneumoniae (at MOI 100 and observed at 2-12 hpi, or at MOI 5 for analysis over the period 24-96 hpi) and nucleic acids were isolated at the indicated time points. cDNA was synthesized using pd(N)6 random hexamers as primers on isolated RNA. To measure the ratio of mRNA per genome, previously isolated gDNA was used as a template in real-time PCRs following the manufacturer's instructions (RealMasterMix SYBR ROX 2.5x, 5PRIME). CT values were determined using defined amounts of the cloned plasmid pSW1. This plasmid contains a fragment of the chlamydial ompA gene and was used as a standard for real-time PCRs in a PCR ABI Prism 7000 (Applied Biosystems). The ratios of specific mRNAs to genomic DNA were calculated from the measured CT values.
Co-immunoprecipitation
For in vivo co-immunoprecipitation (Co-IP) of infected cells, HEp-2 cells were cultivated to 100% confluency in 6-well plates and infected with gradient-purified C. pneumoniae EBs (MOI 100) by centrifugation for 20 min (25°C at 2900 rpm). After centrifugation, cells were shifted to 37°C and grown under 6% CO2 for 15 min. Infected cells were washed three times with HBSS and lysed with Phospho-Lysis buffer (1% NP40, 1% Triton X100, 20 mM Tris, 140 mM NaCl, 2 mM EDTA, 1 mM Na2VO4, Merck Protease Inhibitor Cocktail). The lysate was cleared by centrifugation for 10 min at 4°C at 10,000xg. The supernatant was mixed with Protein G MicroBeads (Miltenyi Biotech) that had been preincubated with 2 µg antiSNX9 or anti-CPn0678 overnight at 4°C. Co-IP assays of co-transfected cells were performed using anti-GFP MicroBeads. Eluted proteins were resolved by SDS/PAGE and detected by immunoblot.
FRET-FLIM measurements and single-pixel FLIM analysis
Measurements and analysis were performed after 18 h of expression in HEp-2 cells incubated in a prewarmed environment (37°C). Time-domain FLIM was performed on a confocal laser scanning microscope (Zeiss LSM 780) additionally equipped with a singlephoton counting device with picosecond time resolution (PicoQuant Hydra Harp 400). eGFP fluorescence was excited at 485 nm using a linearly polarized diode laser (LDH-D-C-485) operated at a repetition rate of 32 MHz. Excitation power was monitored and adjusted to around 1 μW at the objective (40× water immersion, Zeiss C-PlanApo, NA 1.2).
The emitted light was collected and fluorescence was then detected by Tau-SPADs The fluorescence lifetime of eGFP was analyzed using the software tool SymPhoTime 64, version 2.3 (PicoQuant, Berlin, Germany). Due to the low excitation power used to prevent photobleaching during image acquisition, and the small pixel size adopted to increase spatial resolution, the number of photons per pixel was still low after merging of frames, ranging from 100 to a maximum of 1700 photons per pixel. An individual ROI was generated for every dataset to ensure that only pixels with a minimum of 200 photons contributed to the modeling of the average lifetime. The photon numbers within the ROI generate a histogram which is used for a single exponential fit to approximate the average eGFP lifetime with background contribution and correction for shifting of the IRF. The same model was applied to the CPn0678-GFP donor control and the CPn0678-GFP mCherry-SNX9 coexpression.
EGF uptake assay
HEp-2 cells were transiently transfected with CPn0678-GFP or GFP alone for 15 h, washed twice with PBS and placed in serum-free medium for 5 h at 37°C and 6% CO2.
EGF labeled with Alexa594 (100 ng/ml) was added for 15 min at 37°C. Cells were then washed twice with PBS and fixed with PFA for 10 min. EGF uptake was quantified by analyzing the presence of intracellular EGF vesicles in confocal images using ImageJ.
Pulldown assay
Recombinant His-or GST-tagged proteins were expressed in E. coli BL21 and purified according to the manufacturer's protocols for cOmplete His-Tag purification resin (Roche) and Pierce Glutathione Agarose (Thermo Scientific). Aliquots (200 µg) of purified protein were incubated for 2 h at 4°C with either His-Tag purification resin or Glutathione Agarose, then 200 µg of the test protein was added and incubated for an additional 2 h at 4°C or the incubation sequence was reversed. The mixture was washed four times with PBS containing 50 mM imidazole (Merck) or 50 mM TRIS/HCL pH 8 (Merck). Eluted fractions were collected by adding 100 µl of 500 mM imidazole in PBS or 50 mM TRIS/HCl and 10 mM reduced glutathione in PBS, resolved by SDS/PAGE and detected by immunoblot.
Preabsorption of polyclonal antibodies
Green fluorescent latex beads (diam. 1.036 µm, Polysciences) were coated with 40 µg/ml rCPn0677, rCPn0678 or BSA respectively. Purified antibodies were incubated with coated beads overnight at 4 C under constant agitation. The supernatant was collected after pelleting the beads by centrifugation (10 min at 17,000xg) and used for immunofluorescence staining.
Immunofluorescence staining
Transfected and/or infected cells were fixed at the indicated time points with 3% paraformaldehyde in PBS (PFA) for 10 min, then washed three times with PBS, and permeabilized with either 100% methanol for 10 min or with 2% saponin (Merck) in PBS for 20 min. Depending on the permeabilization protocol, primary antibodies were diluted in PBS or in 0.5% saponin solution and incubated for 30 min at 37°C. Cells were washed three times with PBS with or without 0.5% saponin and incubated with secondary antibodies (anti-rabbit/mouse Alexa488/594) for 30 min at 37°C in PBS with or without 0.5% saponin. DAPI was used to visualize DNA.
Infection experiments
HEp-2 cells either stably expressing, or transiently transfected with, the appropriate constructs were infected with C. pneumoniae EBs (MOI 1) by short centrifugation as described before, then shifted to 37°C for 2 h before the infection medium was replaced by fresh medium and the cells were incubated for 48 h. The number of inclusions formed was quantified by confocal imaging, using an antibody directed against the inclusion membrane protein Cpn0147 and anti-rabbit Alexa594, as described previously.
Internalization assay
HEp-2 cells stably expressing the appropriate constructs were cultivated to 70% confluency in 24-well plates on glass coverslips (Ø 1 cm 2 ), then infected with purified C.
pneumoniae EBs (MOI 5) by centrifugation for 20 min (25°C at 2900 rpm). After centrifugation, cells were shifted to 37°C and grown under 6% CO2 for 2 h, washed three times with PBS and fixed with 3% paraformaldehyde in PBS (PFA) for 10 min.
Internalization rates were determined by immunostaining with anti-Chlamydia and antirabbit Alexa488 and DAPI. Cells were imaged by confocal microscopy and internalization ratios were determined by counting external Alexa488-positive and all DAPI-positive bacteria. Regions Of Interest (ROIs) of 100x100 pixel were chosen representing regions of strong chlamydial infection (with Cpn), which were compared to regions with cytoplasmic background signal (w/o Cpn). Image metadata were directly read by the plugin and completed manually (e.g. numerical aberture of objective or wavelength). PCC values were estimated using "JaCoP". Simultaneously, the significance of the "Costes randomization" was calculated by "JaCoP", which compares PCCs of the original data with the PCCs of data with a randomly shuffled channel using 1000 iterations. To further stress the "Costes randomization" we applied an 8 pixel blocksize, representing the average signal size of the EB surrounded by EGFR/ SNX9/ CPn0678 for the scrambling procedure.
Pearson Correlation Coefficient estimation for non-random cololalization
"Costes randomization" significance was performed on each ROI at a blocksize of 8 pixel.
In total 23 of 24 ROIs chosen for "with Cpn" and 20 of 24 ROIs for "w/o Cpn" regions passed the "Costes randomization" test using a minimum significance level of 95 % at a blocksize of 8 pixel. ROIs below the significance level were excluded from the PCC analysis. Figure S1: CPn0677 Full immunoblots of pulldown experiments using purified recombinant GST or GST-SNX9 variants (SH3, SH3) and CPn067810His or CPn0678PRR110His shown in Fig.4C . Input and elution samples obtained from His-pulldowns and GST-pulldowns were fractionated by SDS/PAGE and probed with anti-GST and anti-His antibodies.
Supplementary Figures

Figure S6: CPn0678 tubulates artificial GUV membranes and recruits SNX9
independently of the BAR domain.
Confocal images of GUVs containing PS and PIP4,5 stained with Texas Red, incubated for 10 min with DyLight650-labeled SNX9BAR and then with FITC-labeled recombinant CPn0678 variants. White arrowheads mark recruitment of SNX9BAR to CPn0678mediated membrane tubulations. Full movies in Supplementary Information (Movies S1-14). Bar 5 µm.
Gene
Annotation fold change 48h to 24h fold change 72h to 24h Movie S1 (separate file). Untreated (control) GUVs.
GUVs containing PS and PIP4,5 were stained with Texas Red, and imaged for 10 min.
Movie S2 (separate file). GUVs with CPn0678.
2 µg CPn0678 labeled with FITC was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 5 min in PBS.
Movie S3 (separate file). GUVs with CPn0678 N-term.
A 2-µg aliquot of CPn0678 N-term labeled with FITC was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 5 min in PBS.
Movie S4 (separate file). GUVs with CPn0678 APH.
A 2-µg aliquot of CPn0678 APH labeled with FITC was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 5 min in PBS.
Movie S5 (separate file). GUVs with CPn0678 PRR1.
A 2-µg aliquot of CPn0678 PRR1 labeled with FITC was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 5 min in PBS.
Movie S6 (separate file). GUVs with SNX9.
A 2-µg aliquot of SNX9 labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 10 min.
Movie S7 (separate file). GUVs with SNX9 and CPn0678.
A 2-µg aliquot of SNX9 labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 labeled with FITC. GUVs were imaged for 5 min.
Movie S8 (separate file). GUVs with SNX9 and CPn0678 N-term.
A 2-µg aliquot of SNX9 labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 Nterm labeled with FITC. GUVs were imaged for 5 min.
Movie S9 (separate file). GUVs with SNX9 and CPn0678 APH.
A 2-µg aliquot of SNX9 labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 APH labeled with FITC. GUVs were imaged for 5 min.
Movie S10 (separate file). GUVs with SNX9 and CPn0678 PRR1.
A 2-µg aliquot of SNX9 labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 PRR1 labeled with FITC. GUVs were imaged for 5 min.
Movie S11 (separate file). GUVs with SNX9BAR.
A 2-µg aliquot of SNX9BAR labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and imaged for 10 min.
Movie S12 (separate file). GUVs with SNX9BAR and CPn0678.
A 2-µg aliquot of SNX9BAR labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 labeled with FITC. GUVs were imaged for 5 min.
Movie S13 (separate file). GUVs with SNX9BAR and CPn0678 N-term.
A 2-µg aliquot of SNX9BAR labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 N-term labeled with FITC. GUVs were imaged for 5 min.
Movie S14 (separate file). GUVs with SNX9BAR and CPn0678 APH.
A 2-µg aliquot of SNX9BAR labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678
APH labeled with FITC. GUVs were imaged for 5 min.
Movie S15 (separate file). GUVs with SNX9BAR and CPn0678 PRR1.
A 2-µg aliquot of SNX9BAR labeled with DyLight was added to GUVs containing PS and PIP4,5 stained with Texas Red and incubated for 10 min prior to addition of 2 µg CPn0678 PRR1 labeled with FITC. GUVs were imaged for 5 min
